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ABSTRACT
Australian fur seals are colonial breeding animals that give birth on crowded rookeries. 
Females leave their pups unattended for extended periods while they forage at sea. 
On return to the colony, a mother must relocate her pup amongst the hundreds 
of other pups. Vocal recognition is thought to play a vital role in maintaining the 
mother-pup bond. In the present study, four sets of 7 different pups were recorded 
once each at different times throughout the maternal dependence period. The Female 
Attraction Call was used to determine whether Australian fur seal pups produce 
individually distinct calls which could be used as a basis for vocal recognition. Results 
from three different analyses (PIC, DFA and CART) indicated that the fundamental 
frequency, number of parts per call, duration, quavering and peak frequency changes 
at the start, mid-point and end of the call (i.e., along PEAK F1) were important to 
recognition. In 75% of cases using DFA, the Female Attraction Call was classified to 
the correct caller, suggesting that there is sufficient stereotypy within individual calls, 
and sufficient variation between them, to enable vocal recognition by females. 
Keywords: Australian fur seals, pups, individual variation, vocalizations, Female 
Attraction Call
INTRODUCTION 
In a diverse range of taxa the filial bond is primarily based on mother-
young recognition (Espmark 1971; Balcombe & McCracken 1992; 
Illman et al. 2002). In otariid seals (Pinnipedia, Otariidae), mother-
offspring recognition is particularly important as females and pups 
*Correspondence: Joy Tripovich, Faculty of Veterinary Science, Room 225-227, JD 
Stewart Building B01, University of Sydney, NSW 2006, Australia. Email: joytripovich@
hotmail.com
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experience repeated separations and reunions that result from females 
alternating long foraging trips at sea with short suckling periods 
ashore (Riedman 1990). Recognition is important as misdirection of 
maternal care is energetically costly with the possibility of mothers 
suckling and attending to alien pups which could ultimately endanger 
the survival of their own pups (Stirling 1975). Recognition between 
mother and young is likely to involve a multi-modal sensory system 
using a combination of vocal, olfactory and spatial cues (Riedman 
1990).
Individual variation in mother-pup calls (a pre-requisite for 
vocal recognition, Falls 1982) is present to some degree in all species 
of otariid seals (Insley et al. 2003). Otariid pup vocalizations display 
moderate to high levels of individuality across species (Discriminant 
Function Analysis = 60-90%), suggesting that mothers can potentially 
recognize their offspring’s calls (Insley 1992; Fernández-Juricic 
et al. 1999; Phillips & Stirling 2000; Page et al. 2002). Current 
literature suggests that in otariids, acoustic characteristics such as 
the fundamental and peak frequencies tend to be more dependable 
markers of identity than other features (Insley et al. 2003).
Australian Fur Seals Artocephalus pusillus doriferus are a 
temperate latitude species with a lactation period lasting 10-11 months 
(Arnould & Hindell 2001), though a small proportion of females may 
suckle their pups for a second or third year (Warneke 1982; Hume et 
al. 2001). Pups are born between mid-November and mid-December, 
with an average peak pupping date of December 1st (Warneke & 
Shaughnessy 1985). As in most other otariid species, Australian fur 
seals aggregate in high densities during the breeding season with the 
annual pup production at most colonies ranging from 1,000 to 6,000 
individuals (Kirkwood et al. 2005). Therefore, an effective recognition 
system between mother and pup is likely to be required throughout 
the pup-rearing period, especially as pups move around the colony as 
they grow older and become more mobile.
While individual variation of the Pup Attraction Call (PAC) 
produced by female Australian fur seals has been reported (Tripovich 
et al. 2006), the level of call stereotypy in pup vocalizations of this 
species is unknown. Therefore, the aims of this study were to: 
1) describe the Female Attraction Call (FAC) produced by Australian 
fur seal pups and (2) determine the degree of inter-individual 
variability at four different age categories throughout the maternal 
dependency period.
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METHODS
Data collection and acoustic analyses
The study was conducted on Kanowna Island (39º 10¢ S, 146° 18¢ E), 
Bass Strait, Australia. The site is a breeding colony of Australian fur 
seals with an annual pup production of ca. 2,300 individuals (Kirkwood 
et al. 2005). Data were collected opportunistically during the course 
of additional studies investigating the vocalizations of adult females 
and males. The timing of recordings and estimated pup ages were as 
follows: December 2000 and 2001 (newborn-1 month); January 2005 
(1-2 months); April 2001 (4-5 months); and August - September 2005 
(9-11 months).
In-air vocalizations of 28 Australian fur seal pups were recorded 
using a Sony digital tape recorder (TCD-D8) with a directional 
K6/ME66 Sennheiser microphone (frequency response 50-20,000 Hz 
+ 2.5 dB). Recordings were made at a distance of 5-15 m from the 
vocalizing animal and conducted usually between 0700-1000 h and 
1700-2000 h daily, when there were more individuals on the island. 
Each individual was sampled during a single recording session and at 
different areas of the colony to avoid re-recording individuals.
Ten FACs were analyzed from seven pups during each of the 
four age categories, but only tonal calls or calls containing tonal 
regions, (i.e. combination calls) (Philips & Stirling 2000; Figure 1) 
with high signal-to-noise ratios were used for analyses. Calls were 
acquired using SIGNAL 3.1 software package (Engineering Design, 
Massachusetts) and digitized at a 25 kHz sampling rate. Sonograms 
representing the variety of FACs analyzed by the study are shown 
in Figure 1. Call features analyzed from pup vocalizations are 
described in Table 1 with characteristics 1-3 and 10-11 measured 
from sonograms (1024-point FFT window size, precision in frequency: 
24.41 Hz). Measurements 4-9 were measured from power spectra. 
Monitor settings produced cursor error rates of ±2.86 ms in the time 
domain and +43.29 Hz in the frequency domain.
Statistical analysis of the Female Attraction Call
Potential for individual coding
The coefficients of variation (CV) represent the ratio of the SD to the 
mean, i.e., it is a relative measure of the data’s spread relative to the 
mean. For characteristics 1-9 (Table 1), the between-individual CVs 
(CVb) were calculated using all individuals for each characteristic. 
The within-individual CVs (CVi) were calculated for each individual 
for each characteristic and a grand mean of these, per characteristic, 
was generated. A corrected CV for small samples (CV*) for each call 
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feature was calculated following Sokal & Rohlf (1985): 
where n = number of individuals 
The Potential for Individual Coding (PIC) (Robisson et al. 
1993; Charrier et al. 2002; Charrier et al. 2003a) was calculated by 
determining a ratio of the between-individual variation relative to the 
mean within-individual variation, using the following equation:
Discriminant function analysis
Discriminant function analysis (DFA) compares variation among 
individuals across several variables at the same time. This analysis 
is useful as it is likely that combinations of variables are involved 
in the recognition process. DFA also calculates the percentage of 
correctly classified calls and therefore determines the ability of the 
Figure 1. Sonogram illustrating the two types of Female Attraction Calls 
(FACs) produced by Australian fur seal pups calls, used in the study. From 
left to right: combination and tonal call.
CV n
SD
Mean* = +( )´ ( )´éëê ùûú1 14 100
PIC CV CV
b
igrandmean
=
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TABLE 1
Description of variables measured from the Female Attraction Call produced by 
Australian fur seal pups.
Female Attraction Call Description
 1) Total Call Duration (DUR) Total duration of the call (ms).
 2) Number of call parts per call Number of call parts (Phillips & Stirling
 (Parts/Call)  2000) divided by the Total Call Duration in
  seconds (parts/s). 
 3) Peak Frequency start (PEAK This was measured from the start of the call.
 F1-start) It describes the location of the harmonic that
  has the most energy distributed in it (Hz).
  When there were multiple peaks of equal
  energy we only reported the lower frequency 
 4) Peak Frequency mid (PEAK This was measured from the centre of the
 F1-mid)  call. It describes the location of the energy
  band or harmonic that has the most energy
  distributed in it (Hz). When there were
  multiple peaks of equal energy we only
  reported the frequency of the first peak.
 5) Peak Frequency end (PEAK This was measured at the end of the call.
 F1-end) It describes the location of the energy band
  or harmonic that has the most energy
  distributed in it (Hz). When there were
  multiple peaks of equal energy we only
  reported the frequency of the first peak. 
 6) Second Peak Frequency mid This was measured from the centre of the
 (PEAK F2)  call. It describes the location of the energy
  band or harmonic that has the second most
  energy distributed in it (Hz). When there
  were multiple peaks of equal energy we only
  reported the frequency of the first peak.
 7) Third Peak Frequency mid This was measured from the centre of the 
 (PEAK F3)  all. It describes the location of the energy
   band or harmonic that has the third most
  energy distributed in it (Hz). When there
  were multiple peaks of equal energy we only
  reported the frequency of the first peak.
 8) Fundamental frequency (Fo) Lowest visible harmonic in calls containing
  tonal regions (Hz). This was taken from the
  centre of the call and measured from the
  middle of the harmonic band.
 9) Percentage of Quavering (Quav)  This is the percentage of the call that
  contains fast frequency modulation, also
  known as quavering.
10) Tonal (TON) Presence or absence of harmonic structure
  within a call, coded: 0 = not present; and
  1 = present.
11) Pulse (PULS) Presence or absence of pulsing within a call,
  coded: 0 = not present; and 1 = present.
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chosen variables to discriminate among individuals (Klecka 1980). 
One of the assumptions of DFA is that all variables are normally 
distributed. The call feature QUAV could not be normalized for the 
4-5 month data-set and was therefore excluded from all age groups to 
make the analysis consistent. Another restriction of DFA is that only 
continuous data can be used which eliminated the use of categorical 
variables from the analysis.
To examine the stability of the discriminate function, a cross-
validation procedure was performed on the data set. The data were 
split into two groups: one group (training data) contained half of 
the replicates for each individual and was used to determine the 
discriminate function, and the second group (test data) contained the 
remaining half of the data and was used to evaluate the stability of 
the classification. This process was repeated, swapping the training 
and test data-sets to ensure that each call replicate was used in both 
data sets at least once during the cross-validation procedure. The 
results were then averaged to give a mean test and train the DFA 
classification rate. 
Classification and regression tree analysis
Classification and regression tree (CART) analysis is a non-parametric 
technique that does not assume any specific distribution of data (De’ath 
& Fabricius 2000) and is, therefore, more accommodating in the 
parameters that can be included in the analysis compared with DFA. 
Consequently, all call characteristics were used in CART analysis, 
using data from all seven pups from each age group. Classification 
and regression trees explain differences in a single response variable 
by repeatedly splitting the data into more homogenous groups, using 
combinations of variables (De’ath & Fabricius 2000). Each group is 
characterized by the value of the response variable, the number of 
observations, and the values of the variables that describe it (De’ath 
& Fabricius 2000).
Variations between four sampling periods
Using multivariate analysis of variance (MANOVA) the combination 
of variables measured from pup calls were employed to identify any 
overall significant differences in acoustic characteristics between the 
sampling periods. A Model I analysis of variance (ANOVA) was used 
to determine if individual variables changed significantly with age. 
All variables were normalized by log 2 transformations, except DUR 
and Parts call that were normal in their raw form. In addition, least 
square differences of the means were used to identify between which 
age groups significant differences occurred. 
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RESULTS
The number parts per call decreased in number from 8 parts/s in 
December (SD ± 4.1, 70 calls), when pups were newborn-1 month of 
age, to 1 parts/s in September (SD ± 2.1, 70 calls) at 9-11 months old 
(Table 2). Conversely, the duration of the FACs increased from 575 
ms when pups were newborn-1 month old (SD ± 159.0, 70 calls) to 
797 ms at 9-11 months old (SD ± 279.6, 70 calls). The peak frequency 
changes at the start, mid-point and end of the call also decreased 
from harmonic three to harmonic two (Table 2). In contrast, the 
second and third peak frequencies showed a high degree of variation 
among the sampling period, with no clear patterns forming with age. 
Furthermore, the fundamental frequency appeared to be fairly similar 
throughout the four sampling periods, with an average fundamental 
frequency for all four pup ages being 335 Hz. 
Potential for individual coding
All variables in all age groups examined had a PIC value greater 
or equal to 1.0 suggesting that all variables, to differing degrees, 
contribute to the individual coding process. Similar to the study 
conducted by Charrier et al. (2003a), the results from the PIC analysis 
TABLE 2
Characterisation of the Female Attraction Call produced by Australian
fur seal pups at four different ages. Sample size seven pups with
10 call replicates for each age group.
 Mean + SD
Female DEC JAN APRIL SEPT
Attraction (newborn – (1-2 (4-5 (9-11
Call 1 month) months) months) months)
DUR (ms) 574.7 ± 159.0  650.5 ± 205.0 581.7 ± 194.4 797.3 ± 279.6
Parts/call (call 
 parts/sec) 8.0 ± 4.1 4.5 ± 3.1 3.6 ± 2.1 1.0 ± 2.1
PEAK F1-start
  (Hz) 1288.5 ± 471.2 1091.4 ± 46.3 1042.6 ± 449.6 943.8 ± 396.4
PEAK F1-mid 
 (Hz) 1258.1 ± 516.1 1007.6 ± 282.3 1093.3 ± 506.3 997.5 ± 446.1
PEAK F1-end 
 (Hz) 1193.1 ± 432.8 968.7 ± 298.9 983.6 ± 443.6 928.4 ± 402.0
PEAK F2 (Hz) 1340.6 ± 792.8 1371.6 ± 706.7 1130.7 ± 549.2 1393.0 ± 738.7
PEAK F3 (Hz) 1306.7 ± 947.2 1416.1 ± 721.4 1450.6 ± 586.0 1363.8 ± 282.2
Fo (Hz) 344.9 ± 62.4 337.8 ± 66.8 337.1 ± 82.6 321.6 ± 61.1
QUAV (%) 20.6 ± 29.2 47.4 ± 109.5 41.4 ± 40.6 32.7 ± 40.4
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for this study were used to rank the acoustic variables into three 
groups based on the variables’ potential contribution to the coding 
of individual distinctiveness (Table 3). The first group represents a 
high potential for individual coding (> 2.0), the second group showed 
a medium potential (1.5-2.0), and the third group a low potential 
for individual coding (1.0-1.5). The average PIC values for all call 
features over the four recording periods were fairly stable with 
values between 1.1 and 2.0. The most likely call feature used for the 
individual coding process was the Fo which had an average PIC value 
of 2.0 (Table 3).
Discriminant function analysis
Eight variables were used to significantly discriminate amongst 
the FACs of seven Australian fur seal pups within each of the four 
sampling periods (Table 4). There were significant differences in 
individual FAC among pups with the percent correct classification 
ranging from 70-77% of the data (Table 5). Roots 1, 2 and 3 from the 
four age groups accounted for 86-95% of the data’s variance (Table 4). 
The main acoustic features separating individuals from the newborn-
1 month age group were: Dur, Parts/Call, PEAK F3 and Fo while 1-2 
month old pups were best separated using the Parts/Call, PEAK F1-
end and Fo. The 4-5 months data-set were distinguished using Dur, 
Peak F1-start, PEAK F1-end and Fo and the 9-11 month old pups 
were best separated using Dur, Parts/Call, PEAK F1-mid, PEAK F2 
and Fo (Table 4). 
TABLE 3
Potential for Individual Coding values of call variables of the Female
Attraction Call produced by seven Australian fur seal pups (replicate 
calls = 10 each). Different individual seal pups were used in each
of the four sampling periods.
 DEC JAN APRIL SEPT Average
 (newborn – (1-2 (4-5 (9-11
 1 months) months) months) months)
Acoustic Variable     
DUR  1.4 1.3 1.4 1.5 1.4
Parts/call 1.4 1.6 1.3 1.1 1.4
PEAK F1-start 1.2 1.1 2.1 1.4 1.5
PEAK F1-mid  1.2 1.3 1.4 1.5 1.4
PEAK F1-end  1.3 1.3 2.3 1.4 1.6
PEAK F2 1.0 1.0 1.1 1.1 1.1
PEAK F3 1.2 1.0 1.0 1.0 1.1
Fo  1.4 1.6 2.5 2.4 2.0
QUAV 1.0 1.7 1.0 1.4 1.3
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Classification and regression tree analysis
A classification tree was created for each season. Each tree was then 
pruned using the 1-SE rule to produce the smallest tree for which the 
cross-validated error was within one standard error of the minimum 
(Van Opzeeland & Van Parijs 2004; De’ath & Fabricius 2000). This 
produced a 7-node classification tree for newborn-1 month old pups, 
a 4-node classification tree for the 1-2 month, a 7-node tree for the 
4-5 month old pups, and a 4-node tree for the 9-11 month old pups 
(Figures 2a-d).
TABLE 5
The proportion of Female Attraction Calls correctly classified by the Discriminant 
Function Analysis and Classification and Regression Tree analysis of seven 
Australian fur seal pups (replicate calls = 10 each). Different individual seal
pups were used in each of the four sampling periods.
 DEC JAN APRIL SEPT Average
 (newborn – (1-2 (4-5 (9-11
 1 month) months) months) months)
DFA (N = 28 pups)     
Overall data-set 70% 76% 77% 77% 75%
Cross-validation training data-set 82% 79% 86% 91% 85%
Cross-validation test data-set 49% 39% 65% 68% 55%
     
CART analysis (N = 28 pups)     
Cross-validation training data-set 60% 66% 64% 71% 65%
Cross-validation test data-set 40% 49% 53% 52% 49%
a
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Figure 2. Classification trees: showing the classification accuracy of seal 
identity that is correctly classified based on 11 acoustic parameters. These 
are from seven Australian fur seals sampled each of a). December (pups: 
newborn-1 month old); b). January (pups aged: 1-2 months); c). April 
(pups: 4-5 months old); and d). September (pups: 9-11 months).
b
c
d
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Important variables considered by primary splitters in the CART 
analysis for the newborn-1 month old pups were Fo, PEAK F1-mid, 
Parts/Call, QUAV and DUR; for 1-2 month olds Fo and Parts/Call; for 
4-5 month olds Fo, PEAK F1-start, PEAK F1-mid, and DUR; and for 
9-11 month old pups Fo, PEAK F1-start and QUAV (Figures 2a-d).
Variations between four sampling periods
MANOVAs revealed significant acoustic differences in vocalizations 
between age groups (Wilks Lambda = 0.476, F (27, 762) = 8.18 
P<0.001). ANOVAs further examined individual call variables 
separately over the four age groups and demonstrated that all call 
features (except PEAK F2, PEAK F3 and Fo) exhibited significant 
differences between groups (Figure 3; Table 6).
Figure 3. Differences in call features in Australian fur seal pups over the 
four recorded age groups, using ANOVA (pups: 7 individuals for each season 
with 10 call replicates for each individual) (α indicates homogenous subjects 
p < 0.05).
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Least square differences of the means were used to identify 
between which age groups significant differences occurred. DUR was 
relatively stable from newborn to 4-5 months of age and then calls 
became longer by 9-11 months of age (Figure 3.1). Both Parts/call and 
PEAK F1-start, steadily decreased with age (Figure 3.2-3.3). While in 
PEAK F1-mid and PEAK F1-end, there were initial decreases in the 
values of these call features from newborn-1 month to 1-2 months 
of age followed by slight changes either increasing (in the case of 
PEAK F1-mid) or decreasing (in the case of PEAK F1-end) followed 
by another decrease in both through to 9-11 months of age (Figure 
3.4-3.5). 
DISCUSSION
Female otariids studied to date have the ability to recognize their own 
pups through the use of vocalizations (Insley et al. 2003). Results from 
this study further support this trend in Australian fur seals. The FACs 
of pups exhibited sufficient stereotypy within callers and significant 
variation between individuals to support the vocal recognition process 
by females. This call varies in its structure between individuals, with 
some pups emitting FACs composed of several call parts and other 
pups emitting a single part FAC. Similarities in the overall call 
structure of the FAC are observed between fur seal species, and this 
call type is speculated to be the precursor to the adult female Pup 
Attraction Call (PAC) used by mothers to locate their pups (Phillips 
& Stirling 2001). In addition, the results of the present study indicate 
that while calls are stereotyped at a young age, the calls themselves 
TABLE 6
Examining the differences in call features for the Female 
Attraction Call produced by Australian fur seal pups, across the 
different age groups. Sample sizes for acoustic variables may vary 
as not all features were present in all calls.
ANOVA
Acoustic Variable F df P
   
DUR  18.32 3, 276 0.001 *
Parts/call 54.71 3, 276 0.001 *
PEAK F1-start 8.91 3, 276 0.001 *
PEAK F1-mid  3.57 3, 276 0.015 *
PEAK F1-end  5.15 3, 276 0.002 *
PEAK F2 1.33 3, 276 0.266
PEAK F3 2.06 3, 276 0.105 
Fo  1.53 3, 276 0.208
*Significant at P<0.05.
272
undergo structural modifications as pups get older. These modifications 
are known to be associated with growth and maturational changes 
(Snowdon & Elowson 1992).
To investigate vocal individuality in Australian fur seal pups, 
three analytical techniques were employed: PIC, DFA and CART 
analyses. All three techniques were used, based on different reasoning 
and merit. Both PIC and DFA are more traditional techniques 
and facilitate the comparison between otariid species. While CART 
analysis has not been used with significant frequency to date in 
pinniped vocal studies, it has the advantage of greater flexibility 
in the parameters that can be included in the analysis, and thus 
permits the incorporation of more call features. All three techniques 
were used, to facilitate maximum use of measurable call features and 
comparison of Australian fur seals with other species.
This study found that the Fo, Parts/Call, DUR, QUAV, and 
features along the maximum peak frequency of FACs produced by 
Australian fur seal pups were important to individual call identity 
in Australian fur seal pups. However, the Fo was the most likely call 
feature to be used in separating individuals. This result is consistent 
with other bird and mammalian studies (Tooze et al. 1990; Mathevon 
1996; Jouventin et al. 1999). The fundamental frequency did not 
change significantly with age in this study, suggesting that it may be 
stable during the first year of a seal’s life, allowing mothers to identify 
their young throughout the maternal dependence period, although 
this theory is speculative given that the study did not follow known 
individuals over time. It is also suggestive that the vocal apparatus 
producing the fundamental frequency may not change until seals 
undergo sexual maturity, which usually occurs when seals are 4 years 
of age (Warneke & Shaughnessy 1985). Interestingly, this finding is 
not consistent with Charriers’ (et al. 2003b) study on subantarctic fur 
seal pups, where the fundamental frequency of FACs changed with 
age from newborn to seven months of age. This difference between 
the two studies may be related to species-specific traits or differing 
sampling techniques: longitudinal (i.e., following the same individual 
over time) in subantarctic fur seals and cross-sectional (i.e., sampling 
different individuals from the specific age group) in Australian fur 
seals. Additionally, as stated above, the fundamental frequency does 
not appear to change from newborn to 9-11 months of age, nor does 
it appear to change up to the yearling stage (Tripovich et al. 2008). 
However, when examining the PAC of adult females, for which the 
FAC is believed to be a precursor (Phillips & Stirling 2001), the 
fundamental frequency is significantly lower at 262 Hz (Tripovich et 
al. 2006) than that calculated for pups (334 Hz). Therefore, a change in 
the fundamental frequency does occur, but must take place somewhere 
between yearlings and adult females (which are reproductively active 
at 4 years) (Warneke & Shaughnessy 1985). 
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As young animals grow and adopt their adult form, their 
vocal anatomy changes, causing vocal modifications. Call stereotypy 
appears established in pups examined in the present study, with 
changes in vocal structure evident in pups aged between birth and 
9-11 months of age. In particular, the duration of calls increased, 
the number of parts per call decreased, and the maximal energy 
decreased in frequency over time. During the period between birth 
and 7-9 months of age, Australian fur seal pups triple in weight 
(Arnould & Hindell 2002) and undergo substantial growth changes. 
Changes to body structures associated with vocalizations may occur 
and impact on vocal production. Snowdown & Elowson (1992) suggest 
that the lengthening of vocal cords may result in lowering of the 
frequency of vocalizations while the duration of calls may increases 
due to increased lung capacity. Such an increase in call duration with 
age has been found in the ‘twitter’ calls of squirrel monkeys Saimiri 
sciureus and the vocalizations produced by French Alpine goats Capra 
hircus (Hammerschimdt et al. 2001; Lenhardt 1977). In the present 
study, maximal energy was also reported to decrease in frequency 
with pup age, which is similar to results obtained in subantarctic fur 
seals (Charrier et al. 2003b).
In the present study the number of individuals (and replicate 
calls per individual) for each sampling period was kept constant in 
an attempt to reduce the effects of sample size on the percent correct 
classification score between age groups. Results from previous studies 
have shown that the percent correct classification scores will increase 
as the number of individuals decreases and the number of calls 
per individual increases (Bee et al. 2001). The low cross validation 
results compared with the overall results from the DFA suggest 
that there are some weaknesses in the model. There may be other 
acoustic variables that could be involved in discriminating among 
individuals which we did not examine. Alternatively, intra-individual 
variation may have been related to differences in the emotive state 
or sex-related structural differences. Sex-related growth differences 
have been shown in Australian fur seals (Arnould & Hindell 2002), 
with male pups being heavier and gaining weight faster than female 
pups. In the present study, however, pups were not handled so their 
sex could not be determined. Therefore, the possible effect of sex on 
the pup vocalizations cannot be assessed with the current data. 
Lastly, given the study was opportunistic in style, the sampling 
regime may not account for differences that may have occurred across 
the year.
In summary, the FAC produced by Australian fur seal pups 
contain enough information to allow mothers to recognize their 
offspring. Whether this process actually occurs in nature remains 
unclear, but is likely given that the FAC on average was classified in 
75% of cases using DFA. Furthermore, changes in one or more call 
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characteristics were demonstrated in each age group investigated, 
indicating that pups undergo vocal changes up to 11 months and 
possibly beyond this age. However, long-term recognition (i.e., over the 
lactation period) using the FAC may be possible via the fundamental 
frequency that appears to remain fairly constant during this period. 
This study also supports the theory put forward in other studies that 
recognition of offspring by females may be facilitated by mothers 
learning subsequent versions of their pups’ calls as they grow older 
(Charrier et al. 2003b). In addition, increases in duration, decreases 
in the number of parts per call and the lowering of the frequency 
of the peak energy band in FACs as Australian fur seal pups age 
is suggested to be related to growth and maturational changes. 
Investigations using playback studies examining how mothers recognize 
their offspring are recommended. By using artificially modified calls 
the specific characteristics of vocalizations could be investigated to 
reveal the importance of each parameter in recognition. It would also 
be interesting to follow known pups throughout the lactation period 
to establish if similar changes in call characteristics occur from birth 
to weaning.
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